ABSTRACT: This field study focused on the transfer of dietary fatty acids (FAs) into the eggs of Temora longicornis and assessed their potential for limiting egg production and egg viability. In situ egg production rates (EPRs), hatching success and FA profiles of females, as well as eggs, were determined and compared to food indicators, i.e. particulate organic carbon, particulate organic nitrogen and FAs of size-fractionated seston samples. Individual egg production ranged from 14 to 28 eggs female -1 d -1
INTRODUCTION
Detailed knowledge of the processes regulating the reproductive success of copepods is a key in understanding and modelling their population dynamics. Apart from temperature influences, reproductive processes are mainly determined by food quantity and quality, such as cell size, digestibility, toxicity, as well as mineral and biochemical composition.
Several studies found egg production rates (EPRs) to correlate with rough proxies for food quantity such as chlorophyll a or particulate organic carbon (POC) (Kleppel 1992 , Maps et al. 2005 . Others, in contrast, suggested a limitation by specific food components, such as essential amino (Helland et al. 2003) or fatty acids (FAs) (Pond et al. 1996 , Hazzard & Kleppel 2003 . The potential of a single dietary compound to limit egg production implies, at least in times of low availability, a strong maternal regulation of its transfer into the eggs. Consequently, this will lead to a decrease in egg production in favour of a composition that meets minimum requirements for successful egg development (Anderson & Pond 2000) . In contrast, the FA composition of eggs has also been found to correspond to the composition of the ingested food (Ederington et al. 1995 , Støttrup et al. 1999 , Lacoste et al. 2001 , and failure in egg development has thus been associated with diet deficiencies in essential FAs or with ratios of spe-cific FAs (Jónasdóttir et al. 2002 , Hazzard & Kleppel 2003 , Tang & Taal 2005 . These observations suggest only a minor role for maternal regulation of egg production. These inherently conflicting mechanisms, affecting egg production and hatching success differently, are not easily assessed, since metabolic processes are intricate and subject to manifold internal and external variables.
The physiological requirements for successful embryogenesis of marine copepods are complex, yet poorly understood, and depend, along with polyunsaturated FAs (Shin et al. 2003) , on a variety of other essential substances such as amino acids (Guisande et al. 2000) or sterols (Hasset 2004) . The considerable importance of FAs is not only explained by their high energetic value, they are also indispensable for the maintenance of the structural and functional integrity of cell membranes (Sargent et al. 1999 ) and serve as precursors for eicosanoids, which are involved in hormonal regulation processes in marine invertebrates (Rowley et al. 2005) . Further complexity arises from potential interactions between substances since chemical similarities, e.g. of DHA (docosahexaenoic acid) and EPA (eicosapentaenoic acid), can lead to competition in many chemical and physiological reactions (Sargent et al. 1999 ). Hence, not only the dietary levels of these compounds have to be considered, but also their relative amounts. While laboratory experiments offer a good opportunity to evaluate the role of food quantity versus food quality under controlled conditions, the established relationships might be of less relevance in the field due to the compensatory effects of dietary heterogeneity and selective feeding.
In order to assess the potential of specific FAs in determining egg production or hatching success in the field, it is essential not only to examine the relationship between seston composition and reproductive success, but also to evaluate the required FA amounts for egg production and coupling between food and egg quality. Our study aims to improve understanding of the influence of food quantity and quality on the egg production and egg composition of Temora longicornis, with a special focus on the role of essential FAs. T. longicornis is one of the most abundant copepods in the southern North Sea, with reproductive peaks in April and May (Halsband & Hirche 2001 , Arendt et al. 2005 , and is an important grazer of the phytoplankton spring bloom (Dam & Peterson 1993) . Food-limited fecundity and growth of T. longicornis have frequently been observed (Maps et al. 2005) , and a recent field study in the North Sea emphasised that the hatching success of T. longicornis is related to DHA levels and DHA:EPA ratios in the seston (Arendt et al. 2005) . However, to our knowledge, there are no data on the FA profiles of T. longicornis eggs and their dietary dependencies.
We therefore determined in situ EPRs, hatching success and FA profiles of Temora longicornis females and eggs and compared them to food indicators, i.e. POC, PON (particulate organic nitrogen) and FAs. In order to examine the dietary selection of T. longicornis, we furthermore used signature FAs in the storage lipids. The use of biomarkers to characterise feeding on different taxonomic groups is well established, e.g. the assignment of 16:1(n-7) and 20:5(n-3) to diatoms and 18:4(n-3) and 22:6(n-3) to dinoflagellates (Daalsgard et al. 2003) , and can provide information on the recent feeding history of the females. In detail, the present study focused on the following questions: (1) Does T. longicornis feed selectively in order to obtain a diet of high quality? (2) Are there indications of maternal regulation of FA transfer into the eggs? (3) Was egg production limited by food quantity or by the abundance of specific FAs? (4) Does the FA composition of the eggs influence egg viability?
MATERIALS AND METHODS

Sampling and experiments.
Experiments were performed during 2 cruises to the southern German Bight, North Sea (17 to 28 May, 1 to 8 July 2005), at 6 stations with no or low vertical stratification (Fig. 1) . Zooplankton was collected in vertical tows (0.2 m s -1 ) from 20 m to the surface with a WP-2 net equipped with a solid cod end and 100 µm mesh. When copepod abundance was low, an undulating towed multi-net (mesh size 335 µm, towed at 2.5 knots and 0.2 m s -1 ) was used instead. Seawater for egg production experiments was collected with 10 l Niskin bottles at 5 and 10 m, or, at vertically stratified stations, at the depth of the thermocline, sieved through a submerged 48 µm net and mixed equally. Within 10 to 20 min after capture, groups of 7 to 10 actively swimming females of Temora longicornis were transferred into 3 to 4 spawning chambers (1 l) with an inner compartment (0.7 l) equipped with a false bottom made of net gauze (100 µm); they were then incubated shaded at in situ temperature (8 to 9°C in May, 14°C in July). After 24 h, incubations were stopped by removing the inner compartment. The prosome length of the females was measured under a dissecting microscope. Eggs from each replicate were gently concentrated on a submerged sieve of 20 µm, immediately counted under a stereo-microscope and incubated on a rolling apparatus (1 rpm) for about 72 h in 325 ml bottles containing GF/F-filtered ambient seawater. To ensure a sufficiently long incubation time, eggs collected from supplementary experiments were incubated in dishes at the same temperature and monitored daily. Finally, bottle contents were concentrated on a 20 µm mesh and fixed with Lugol's solution (2% final concentration). In the laboratory, unhatched eggs, nauplii and empty egg shells were counted under the microscope. Cannibalised eggs, as evidenced by empty shells, accounted for < 5% of the eggs produced. Egg size was determined in supplementary incubations at each station; at least 30 to 40 eggs were measured. Carbonspecific EPRs were obtained by using carbon-size relationships provided by Dam & Lopes (2003) , assuming a carbon content of 40% of dry mass.
For lipid analyses females were sorted on net gauze and quickly dried by removing the water below the gauze to minimise salt crusts. Three samples each containing 40 to 50 females of Temora longicornis were immediately frozen at -80°C at each station.
To collect sufficient eggs for lipid analyses, approximately 300 females were incubated in 15 containers (1 l), with a 150 µm screened partition in 48 µm prescreened water. Every 12 h in May and 8 h in July the females were carefully transferred into new containers and the incubation water was filtered through a submerged sieve of 20 µm to harvest the eggs. The eggs of each series were rinsed into 20 ml glass vials and stored at 2 to 4°C until further processing to slow down development. After 24 h the eggs were transferred under the stereo-microscope into small vials with GF/F-filtered seawater using an apical thinned-out glass Pasteur pipette. This cleaning procedure was repeated to remove faecal pellets and algal detritus. The eggs were then sorted on precombusted (400°C for 12 h) GF/C-filters, which were filmed using a digital camera connected to a computer. The images were used to count the eggs in each sample, with an average of 800 eggs filter -1 . After sorting, the samples were immediately frozen and stored at -80°C.
Seston samples were taken with 10 l Niskin bottles, and 40 to 60 l of water from 5 and 10 m depths, as well as 15 m depths at deep stations (Stn B, Stn E), were mixed in equal ratios. During all subsequent preparations, the samples were kept shaded under ambient temperature conditions. Size fractions were produced by using a slow flow-through system of interleaved submerged sieves of 100, 30, 20 and 10 µm mesh size to prevent destruction of fragile organisms. After separation, the fractions were carefully resuspended in 1 to 2 l of GF/F-filtered seawater. Aliquots were filtered with low pressure (<100 mbar) on precombusted (400°C for 12 h) GF/C filters for carbon, nitrogen and FA analyses, with 3 replicates each. The filters were immediately frozen and stored at -80°C.
Chemical analyses. After lyophilisation, dry mass of females was determined using a micro-balance (± 2 µg). During weighing procedures, samples were temporarily stored in a vacuum desiccator to prevent unequal condensation on the tissue.
Lipid extraction was performed using ultrasonic disruption in dichloromethane:methanol (2:1, v:v) and a washing procedure with aqueous KCl solution (0.88%). For quantification of FAs, tricosanoic acid was added as an internal standard prior to extraction. An additional centrifugation step was carried out prior to the washing procedure for the seston and egg samples to remove GF/C filter remains.
Lipid classes of females were separated by solid phase extraction, using 1 ml SiOH glass columns (CHROMABOND ® , Macherey-Nagel) on a vacuum manifold. To remove residues, the columns were washed with a solvent sequence of acetone, diethylether and hexane:diethylether-mixtures, prior to sample load. After column conditioning with 4 ml of hexane, 4 µl of lipid extract (lipid concentration approximately 5 µg µl -1 ) was added. The neutral lipid fraction was washed out with 2.5 ml hexane:diethylether (95:5, v:v) and 2.5 ml hexane:diethylether (1:1, v:v). Polar lipids were eluted with 2.5 ml methanol, and subsequently 5 ml of dichloromethane were added. The polar fraction was then washed with 2 ml aqueous KCl solution (0.88%).
FAs were converted to their methyl ester derivatives (FAMEs) in methanol containing 3% concentrated sulphuric acid at 80°C for 4 h. After cooling, 2 ml of aqua bidest was added, and FAMEs were extracted 3 times with 1 ml hexane. Samples were analysed using a gas chromatograph (HP 6890A) equipped with a DB-FFAP column (30 m length, 0.25 mm inner diameter, 0.25 µm film thickness) operated with a temperature programme and helium as the carrier gas. Samples were injected using a programmable temperature vaporiser injector (solvent vent mode). FAMEs and free fatty alcohols were detected by flame ionisation and identified by comparing retention times with those derived from standards of known composition. Carbon and nitrogen analyses were conducted using a Euro EA (HEKAtech) element analyser.
Statistics. All statistical analyses were performed using the software SPSS. For statistical operations that require normal distribution, percentage data, i.e. relative FA compositions, were transformed using an arcsine/square-root transformation. Differences between measured variables were tested for significance using a 1-way ANOVA followed by a Dunnet-T3 test for post hoc comparisons. Bray-Curtis similarities between the relative FA compositions of seston, eggs and storage lipids of females were calculated on arcsine/squareroot-transformed data using the PRIMER software.
For identification of coherences between egg production, hatching success and FA composition, principal component analyses (PCAs) were performed on the correlation matrix, extracting non-rotated components with eigenvalues >1. Only variables with score values more than 0.6 or less than -0.6 were considered for further interpretations. To adjust for temperature differences on the 2 cruises, the specific egg production rate (sEPR) was standardised to a temperature of 10°C using a Q 10 of 3 (Kiørboe & Sabatini 1995). To describe the impact of food quantity, the first PCA was performed on the standardised egg production, the FA concentration and the POC and PON contents of the total seston and of the size classes 1 to 30 and 30 to 100 µm. The influence of egg quality was determined by a second PCA using the relative FA composition of the eggs, the standardised egg production and the hatching success. The vector angles between standardised sEPR, hatching success and seston variables, described by the first 2 extracted components, were calculated as a parameter of correlation. Correlations were additionally checked using the non-parametric Spearman rank test.
RESULTS
Seston
The total POC concentration varied between 163 and 359 µg C l -1 (Fig. 2a) , with maximum amounts in May (Stns A and C) and lowest levels in July (Stns D and E). Highest carbon contents were generally found in the fraction 1 to 10 µm (55 to 68% of total POC). Similarly, the majority of total PON, ranging from 18 µg N l 
longicornis (M). (f) T. longicornis individual daily egg production (EPR, d
) and specific egg production rate (sEPR, n), with standard deviations (error bars, n = 3). A to F: Stns A to F was > 50% of PON and POC found in the size class 30 to 100 µm. The C:N ratio varied from 6.4 (Stn B) to 8.9 (Stn D), corresponding with atomic ratios of 7.9 to 10.4 (Fig. 2c) . Lipid content in terms of total FAs and alcohols ranged from 13.8 to 40.8 µg total FAs l -1 (Fig. 3b) , with significant differences between stations and size classes (ANOVA from p = 0.000 to p = 0.004) and strongly correlated with POC (r = 0.96, p = 0.002). Fatty alcohols accounted on average for < 4% of total FAs and alcohols. The FA composition of total seston was characterised by high amounts of 16:0 (19 to 27% of total FAs), 18:0 (6 to 22%), 20:5(n-3) (6 to 22%), as well as 16:1(n-7) (5 to 15%). Relative polyunsaturated fatty acid (PUFA) contents of total seston ranged from 21% (Stns C and D) up to 37 and 38% of total FAs (Stns A and F, respectively). For some analyses FA data from the different size classes were grouped into the 2 size fractions 1 to 30 and 30 to 100 µm, since strongest correlations with Temora longicornis were found with the size class 1 to 30 µm, which most likely represented the major food source (see section below). In May, elevated levels of the dinoflagellate markers 22:6(n-3) and 18:4(n-3) were observed at Stn A, comprising together 26% of total FAs in the size class 1 to 30 µm (Fig. 3c ) and corresponding to a maximum concentration of 9.5 µg l -1 (Fig. 4) . The diatom marker 16:1(n-7) became more abundant in this size class at the Stns B and C, with 12 and 16% of FAs, respectively (Fig. 3c) and showed highest concentrations at Stn C, with 6.1 µg l -1 (Fig. 4) . In July, seston in the 1 to 30 µm size fraction was characterised by much lower FA concentrations, while relative proportions of the saturated FAs, as well as 22:6(n-3), were elevated. The size fraction 30 to 100 µm showed generally high amounts of saturated FAs, with a peak of 18:1(n-9) at Stn A, as well as very high 20:5(n-3) and 16:1(n-7) values at Stn F in July, comprising together nearly 42% of all FAs.
Temora longicornis females and eggs
The lipid content of Temora longicornis females ranged from 6.2 to 9.5% of dry mass (Fig. 3a) and correlated significantly with the lipid content of the seston in the 1 to 30 µm fraction (rho = 0.89, p = 0.019), especially with the size class from 1 to 10 µm (rho = 1).
The FA composition of total lipids of females showed low variability and was dominated by 16:0 (17 to 19% of total FAs), 20:5(n-3) (24 to 33%) and 22:6(n-3) (15 to 24%) (data not shown). These FAs are typical membrane components and together comprised 73 to 78% of the FAs in the polar lipid fraction (data not shown). In contrast, the composition of storage (i.e. neutral) lipids varied more between stations, but basic characteristics were rather constant with 16:0, 16:1(n-7) and 20:5(n-3) as the major FAs at all stations, composing together 50 to 61% of total FAs in this lipid fraction (Table 1) . Most significant differences in the storage lipid composition were found for 16:1(n-7), 18:2(n-6), 18:4(n:3), 20:5(n-3) and 22:6(n-3). In May, 18:4(n-3) and 22:6(n-3) attained maximum values at Stns A and B (Fig. 4) , whereas Stn C was characterised by a very high 16:1(n-7) level (25% of total FAs). The FA 20:5 (n-3) exhibited maximum percentages in July (Stns E and F), with 25 and 31% of total FAs, respectively (Fig. 4) .
Total FA and alcohol content of eggs ranged from 2.6 to 4.3 ng egg -1 (Fig. 3a) and correlated significantly with the total FA content in the seston (rho = 0.83, p = 0.042). Based on a mean total FA content of 3.5 ng egg -1 and assuming polar lipids as the only FA-containing lipid class (i.e. the mass ratio of FA and non-FA compounds of phosphatidylcholine was applied), as well as a cholesterol content of approximately 10% of total lipids as found for Acartia sp. (Støttrup et al. ) assuming carbon to be 45% of dry mass as found for A. tonsa eggs (Kiørboe et al. 1985) . This results in a calculated lipid content of approximately 2.5% of dry mass.
In contrast to the lipids of females, the variability in the FA composition of the eggs was much higher, but also showed large amounts of 16:0 and 20:5(n-3), with 19 to 24 and 10 to 18% of total FAs, respectively (Table 2) . Similar to the FA composition of the females, 22:6(n-3) levels were significantly elevated in May (Stns A and B), with up to 15% of total FAs, as well as 16:1(n-7), at Stn C (10% of total FAs) (Fig. 4) . The FA 18:0 peaked at Stn D, whereas the Stns E and, especially, F showed the highest 20:5(n-3) levels, similar to the results of the storage lipids of females. No significant correlation was found between the relative FA compositions of females and eggs, except for 18:2(n-6) (rho = 0.87, p = 0.019) and 20:5(n-3) (rho = 0.83, p = 0.042), although similar patterns in maximum FAs were observed.
Stronger correlations were found by comparing the FA content of eggs and seston in the 1 to 30 µm fraction, as well as the quantitative composition of eggs and seston, especially for 16:1(n-7), 18:4(n-3) and 22:6(n-3) (Fig. 5) . A multivariate comparison of the relative FA composition of eggs and females with the seston revealed strong similarities, with the highest consistence between eggs and seston in the size class 1 to 30 µm (average Bray-Curtis similarity 91%) (Table 3 ). This strong connection between eggs and the small size class was mainly due to the significant correlations of 16:1(n-7) and 18:4(n-3) (Fig. 5) . In contrast, females showed slightly lower similarities with seston composition and more variability in the attribution to the different size classes.
The individual egg production ranged from 14 to 28 eggs female -1 d -1 (Fig. 2d) . Due to strong differences in body size (Fig. 2d) , sEPR varied strongly from 0.18 to 0.35 (Fig. 2f) . In both months, lowest values of sEPR were observed in the southern part of the study area (Stns A and D), while highest production was found in the most northern and eastern stations (Stns C and F, respectively). Egg mortality was generally low, with, on average, 77 to 94% of all eggs hatching (Fig. 2d) . The temperaturestandardised specific egg production rate (sEPR Temp ) was negatively correlated with the 22:6(n-3):20:5(n-3) (DHA: EPA) ratio in the seston fraction from 1 to 30 µm (r = -0.87, p = 0.024), while hatching success was positively rank-correlated with the DHA:EPA ratio (rho = 0.94, p = 0.005). However, we did not find any relation of egg production or hatching success to the DHA:EPA ratios of the eggs. No correlations were found with the (n-6):(n-3) ratios in the seston or the eggs. The first PCA on egg production and quantitative seston constituents revealed a strong dependency of the sEPR Temp on the POC and PON concentration of total seston, as well as on the content of 16:0, as the major seston component (Table 4) . Most coherences were found with FAs in total seston, namely 18:4(n-3), 18:1(n-9) and 18:1(n-7), as well as with FAs in the size class 1 to 30 µm, especially 20:5(n-3) and 16:1(n-7 second PCA on the FA composition of eggs revealed a positive relation of egg production with the levels of 18:2(n-6), 16:1(n-7) and 20:5(n-3) in the eggs, as well as a negative relation to the FAs 16:0 and 18:0 and hatching success. Accordingly, levels of 16:1(n-7) (rho = -0.89, p = 0.019) and 20:5(n-3) in the eggs showed a negative correlation with hatching success (Table 5 ). The absolute amount of 16:1(n-7) in the eggs correlated positively with sEPR Temp (r = -0.93, p = 0.006), as well with the sEPR Temp that included only viable eggs (r = -0.92, p = 0.01) (Fig. 6 ). Table 3 . Bray-Curtis similarity (%) between relative fatty acid composition of Temora longicornis eggs and size-fractionated seston and between neutral lipids of T. longicornis females and size-fractionated seston (based on arcsine/square-roottransformed data) by sampling period and station (Stns A to F) Seston (µg l Fig. 6 . Temora longicornis. Correlation between 16:1(n-7) (pg egg -1 ) and the specific temperature-standardised egg production rate (sEPR Temp ) (D) and the sEPR Temp that included only the viable eggs produced (n), with standard deviations (error bars, n = 3)
DISCUSSION
Recent studies emphasise the importance of food quality for growth and reproductive success of copepods, and special importance is attached to the role of essential FAs (Jónasdóttir et al. 1995 , Pond et al. 1996 , Shin et al. 2003 , Arendt et al. 2005 . However, the relevance of essential FAs for egg production and hatching success of copepods in marine systems is yet poorly understood and based on observed correlations between reproductive success and FA composition of bulk seston measurements. Even though these correlations indicate nutritional regulation, they do not necessarily provide information on the underlying causal relationships. Further insight into the mechanisms that determine reproductive success might be obtained by elucidating the coupling of food composition with egg quality and the consequences for hatching success. Hence, our field study focused on the transfer of dietary FAs into the eggs and aimed at assessing their potential as limiting factors for the egg production and egg viability of Temora longicornis in the North Sea.
Signature FAs were used to analyse the feeding history of Temora longicornis females, and, in order to obtain mostly unaltered signals, we specifically focused on the FA composition of storage, i.e. neutral, lipids. Elevated values of 22:6(n-3) and to a minor degree of 18:4(n-3) most likely reflect an ingestion of dinoflagellates or cryptophytes in May, while constantly high levels of 16:1(n-7) and 20:5(n-3) indicate that diatoms contributed strongly to the diet (Daalsgard et al. 2003 and references therein) . Although the FA compositions of neutral lipids of females and eggs were rather uniform, the profiles still differed significantly between stations and displayed strong correlations with seston lipids, emphasising that sampled seston was actually the food used to build up the eggs. Thus, diet composition was reflected rather quickly in the eggs, expressing the high physiological turnover rates in females. Laboratory studies demonstrated that labelled carbon can be detected in oocytes of T. longicornis 24 h after ingestion (Smith & Hall 1980) ; basically similar transfer rates are to be expected for FAs.
A strong dietary influence on the FA composition of the eggs and nauplii of Acartia tonsa and Calanus helgolandicus has been shown in laboratory experiments (Ederington et al. 1995 , Støttrup et al. 1999 , Lacoste et al. 2001 . Comparisons between FA patterns of eggs and food might therefore be used to describe food selectivity. While Pond et al. (1996) did not record high similarities between FA profiles of seston and C. helgolandicus eggs and ascribed this to selective feeding behaviour, similarities were extremely high in our study, especially with the FA profiles of the 1 to 30 µm fraction seston. The correlation observed between the FA content of females and of 1 to 10 µm seston, as well as between FA levels in the eggs and in the 1 to 30 µm seston, further indicate a primarily use of the size fraction < 30 µm. Since the majority of POC was found in these small size fractions and since we detected no preference for larger food particles, Temora longicornis most likely fed non-selectively during our study.
Mean daily egg production ranged from 14 to 28 eggs female hence, individual EPRs were rather moderate. In contrast, sEPRs were high and varied strongly within the investigation area, but still did not approach maximum values (Halsband & Hirche 2001 , Arendt et al. 2005 . Therefore, egg production was most likely limited during our study. sEPRs showed similar ranges in both months, although feeding conditions, as indicated by POC and PON levels, strongly differed. However, if the temperature difference of both months is taken into account, we observed a strong correlation of sEPR Temp with POC and PON contents, as well as with the levels of 16:0, 18:4(n-3) and 18:1 isomers in the seston. This indicated that the food amount most likely determined productivity of Temora longicornis during the investigation period.
A positive relationship between sEPR Temp and the diatom markers in the 1 to 30 µm seston indicated that diatoms provided an important food source for production at that time, as was also reflected in the FA profiles of the eggs. However, not only the proportion of diatom markers in the eggs, but, to a lesser degree, also that of dinoflagellate markers were associated with sEPR Temp . Therefore, increased food signals in the eggs coincided with enhanced egg production. The latter was positively correlated with the relative 18:2(n-6) content in the eggs. This FA was related to the hatching success of Calanus helgolandicus (Pond et al. 1996) , suggesting that 18:2(n-6) might play an important role during egg development.
While the DHA:EPA ratio in the seston correlated negatively with egg production, we found a positive relationship with hatching success. Similar correlations between DHA:EPA ratios in the diet and egg viability of Temora longicornis were reported from a field study in the North Sea (Arendt et al. 2005) . However, DHA:EPA ratios in the eggs did not suggest a coherence of both variables. Hence, this commonly used FA ratio is more likely an indicator of specific feeding conditions in the field, rather than a quality attribute of the diet that directly affects egg viability. Low DHA:EPA ratios in the seston reflect high proportions of diatoms, which, in turn, might adversely affect the hatching success of non-selective feeders. The detected nega-tive correlation between the diatom marker 16:1(n-7) in the eggs and their viability supports this assumption. Previous studies in the North Sea reported similar coherences, where high proportions of 16:1(n-7) in the seston coincided with increased egg mortality in T. longicornis (Arendt et al. 2005) and Calanus finmarchicus (Jónasdóttir et al. 2002) . However, egg viability was overall high at all our stations. Since we found no significant correlation of hatching success with changes in total FA content or essential FA levels in the eggs, lipids were obviously transferred in sufficient quantities or even in excess of the requirements. Hence, the slight, but significant, negative influence of diatoms on hatching success might be explained by minor nutritional deficiencies of non-FA-components. Diatoms have been found to provide insufficient amounts of sterol in experiments; hence, diatom blooms could present conditions under which dietary sterol limitation becomes possible (Hasset 2004). However, the tendency to produce less viable eggs on a diatom-dominated diet was clearly compensated by the strong increase in egg production with increasing diatom food supply. Thus, food quantity rather than quality determined the reproductive success of T. longicornis during our study.
Despite the overall importance of food quantity, a largely unexplained correlation occurred between dietary FAs and reproductive success. Whether this correlation reflects a causal relationship, i.e. FAs limited the production of Temora longicornis, might be assessed using a stoichiometric approach. A prediction of food availability from bulk measurements of seston is problematic, since carbon and nitrogen might originate from inaccessible sources like small particles or detritus. However, minimum demands for nutritional components can be estimated, assuming a hypothetical 100% accessibility in the seston and a gross growth efficiency (GGE) from the literature (Peterson & Dam 1996) . Calculated N:PUFA ratios (egg nitrogen content according to Dam & Lopes 2003) were found to be much lower in seston (mean ratio = 5) than in eggs (mean ratio = 18). Hence, GGE for PUFAs deduced from nitrogen demands and N:PUFA ratios were extremely low, ranging between 0.02 and 0.07. Since PUFAs abound in seston compared to nitrogen and are most likely accessible in higher proportions, as they mainly originate from living organisms, we suggest that nitrogen-containing compounds might have had a higher potential for limiting egg production during our study than essential FAs. Similarly, an inefficient transfer of dietary proteins into the eggs was suggested for Acartia tonsa (Kleppel & Hazzard 2000) . However, as we do not know the maximum growth efficiencies of T. longicornis for the different nutritional compounds, identified limitation factors based on stoichiometry should be interpreted with caution (e.g. Tang & Dam 1999) .
Further indications for the limitation potential of FAs on egg production might be derived from the transfer of specific FAs into the eggs. FA levels in the eggs were related to their concentrations in the seston, thus indicating only minor maternal regulation. Hence, hatching success rather than egg production should be affected more strongly in times of low availability of essential FAs, unless maternal regulation starts to increase with increasing dietary deficiencies. Values of 22:6(n-3) previously recorded in the North Sea were >10 times lower than in the present study and were associated with low hatching success in Temora longicornis (Arendt et al. 2005) . Still, extremely low 22:6(n-3) values often coincide with low food supply (Arendt et al. 2005 ) and will consequently lead to lower egg production with lower FA demands.
The generally low FA demand for the production of eggs is associated with the extremely low lipid content. Similar low lipid values were found for Acartia tonsa eggs with only 1.2 ng total FAs egg -1 in the field (Hazzard & Kleppel 2003) and 6 ng unsaturated FAs egg -1 in an experimental study (Drillet et al. 2006 ). Other copepod species are known to transfer large lipid depots into the eggs, leading to egg lipid contents of 35% of dry mass in Calanus helgolandicus (Guisande & Harris 1995) and up to 93% in Paraeuchaeta polaris (Auel 2004) . In contrast, eggs of Temora longicornis obviously do not rely strongly on lipids as an energy source. This is conclusive, considering the fast embryonic development of T. longicornis, e.g. 2.7 d from egg to nauplius stage II (NII) at 10°C in the North Sea (Halsband-Lenk et al. 2002) . The ontogenetically early onset of feeding in NII (Klein Breteler et al. 1990 ) reduces the need for long-lasting maternal energy supplies. Guisande & Harris (1995) found relatively high levels of carbohydrates in eggs of C. helgolandicus (up to 13% of dry mass), which decreased during embryonic development. This energy source can rapidly be used and might therefore be advantageous for fast-developing eggs and nauplii. In conclusion, it seems likely that non-FA components like carbohydrates, proteins, glyco-compounds, or sterols play an important role in the embryonic development of T. longicornis and might thus strongly affect reproductive success.
